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Chemistry 121  

The University of British Columbia 

Midterm Examination II 

November 16, 2010 

Time:  60 minutes 
 
Family/Last Name (printed):______________________    
 
First Name: ___________________________________ 
 
Signature:_____________________________________ 
 
Student Number:_______________________________ 

 
 
 

INSTRUCTIONS 

1. Write all answers on this examination paper, and show full details of your solutions for Part 2. 
2. Read each question carefully. 
3. Check that this examination consists of 12 PAGES PRINTED ON BOTH SIDES. The last sheet 

(pages 11 and 12), containing “Potentially Useful Information” and the Periodic Table, may be 
detached for ease of use. 

4. The only calculator allowed is the Sharp EL-510R.  All other calculators will be confiscated.  Cell 
phones or other electronic communication devices are not permitted. 

5. Unassembled molecular model kits may be used. 
 

RULES GOVERNING FORMAL EXAMINATIONS 

1. Each candidate must be prepared to produce, upon request, a UBCcard for identification.  
2. Candidates are not permitted to ask questions of the invigilators, except in cases of supposed 

errors or ambiguities in examination questions.  
3. No candidate shall be permitted to enter the examination room after the expiration of 15 minutes 

from the scheduled starting time, or to leave during the first 15 minutes of the examination.  
4. Candidates suspected of any of the following, or similar, dishonest practices shall be immediately 

dismissed from the examination and shall be liable to disciplinary action: 
� having at the place of writing any books, papers or memoranda, calculators, computers, 

sound or image players/recorders/transmitters (including telephones), or other memory 
aid devices, other than those authorized by the examiners;  

� speaking or communicating with other candidates; and  
� purposely exposing written papers to the view of other candidates or imaging devices. 

The plea of accident or forgetfulness shall not be received. 
5. Candidates must not destroy or mutilate any examination material; must hand in all examination 

papers; and must not take any examination material from the examination room without 
permission of the invigilator.  

6. Candidates must follow any additional examination rules or directions communicated by the 
instructor or invigilator. 

Put the first letter 
of your family/last 
name in this box. 

Please check √ your lecture section: 
___101 (MWF 1:00) Wolf 
___102 (MWF 2:00) Chou 
___103 (MWF 3:00) MacLachlan 
___110 (MWF 10:00) Gates 
___111 (MWF 11:00) Krems 
___122 (T,Th 2:00) Lekhi 
___133 (T,Th 3:30) Kunz 
___188 (T,Th 8:00) Kunz 
___199 (T,Th 9:30) McIntosh  
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Marks 

 

Part 
Question Possible Marks Marks 

1  14  

2 1 6  

 2 3  

 3 7  

 4 8  

 5 8  

 6 7  

 7 7  

Total  60  
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Part 1.  Multiple Choice (14 marks total) 

 
For each numbered statement below, circle the letter that corresponds to the best answer.  
There is only one correct answer per question. Each question answered correctly is worth 
2 marks. 
 
1. Which of the following atomic orbitals does not exist? 
 

(a) 4s 
(b) 2pz 
(c) 4px 
(d) 2dxy 
(e) 43dx2-y2 

 
 
2. Which of the following statements is true? 
 

(a) Ice has a lower density than liquid water due to hydrogen bonding. 
(b) Water molecules are non-polar.  
(c) Upon freezing, water forms a network covalent solid. 
(d) Water has a higher boiling point than hydrogen sulfide because the London forces 

between water molecules are stronger.  
(e) Water vapor contains H2 and O2.   

 
 
3. Arrange the following species in order of increasing melting point. 
 

  I2     Al2O3  H2O  CH3OH     Ar 
 

(a) Ar  <  CH3OH  <  H2O  <  I2  <  Al2O3 
(b) CH3OH  <  H2O  < I2  < Al2O3  <  Ar   
(c) Ar  < CH3OH  <  H2O  < Al2O3  < I2  
(d) Ar  < H2O < CH3OH  <  I2  < Al2O3 
(e) H2O  <  I2  <  Al2O3 <  CH3OH  <  Ar  

 
 
4. A quantum particle (e.g. electron) can never be at rest. Why?  
 

(a) As a result of Planck’s equation. 
(b) As a result of the Heisenberg Uncertainty Principle. 
(c) As a result of the Photoelectric Effect. 
(d) Because the speed of light is a constant. 
(e) As a result of wave interference. 
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5. Blue laser pointers emit light at 473 nm. What is the energy of blue laser pointer 
photons in J? 

 
(a) 4.20×10−28 J 
(b) 4.20×10−19 J 
(c) 1.04×10−39 J 
(d) 1.04×10−48 J 
(e) 4.20×10−37 J 

 
 
6. Which of the following is an allowed transition for a one-electron atom? 
 

(a) 4p � 4s 
(b) 2p � 4f 
(c) 3d � 1s 
(d) 4d � 3f 
(e) 5s � 2p 

 
 
7. Which of the following substances reacts immediately upon exposure to oxygen at 

room temperature?  
 

(a) ammonia  
(b) sulfur  
(c) cesium   
(d) xenon  
(e) silica 
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Part 2.  Short Answer Questions 
 

 

1. For this question, consider only the following elements as possible answers: 
 

Al, Si, P, S, Cl, Ar 
 

For each part, give the symbol from the above list that makes the statement correct.  
 
 
 (a) _______ often forms a 2- anion in its compounds.      
  

 
(b) _______ does not form an isolable compound with fluorine.    
 

 

(c) _______ is a reactive metal. 
 
     

 (d) _______ has the highest natural abundance of the elements on the list.  
    
 
 (e) _______ in its elemental form is a reactive gas.    

 

 

(f) _______ is a constituent element of DNA.    

 

 

 
 
2. The skeletal structures of two compounds with the same chemical formula C2H6O are 

shown below. Which compound (A or B) has the higher boiling point? Provide a 
rationale for your answer.  

 
                                    A                                                           B 

 

 
 
 
 
 
 

6 marks 

3 marks 
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3. Complete and balance the following reactions 
 
 

(a)  ___ Sr    +    ___ Cl2 → 
 
 
(b) ___ B     +    ___ Cl2 → 
 
 
(c)  ___ Ga     +    ___ O2 → 
 
 
(d)  ___ Al     +    ___ Fe2O3 → 
 
 
(e)  ___                    +    ___   → ___ LiOH     +    ___ H2 

 
 
 
4. (a) Draw cross-sections for the following orbitals of the hydrogen atom. Show phases 

as (+) and (–) and label the axes. 
 

 
3s                                   3dyz                       2py 

 
 

                
 
 
 

(b) Calculate the frequency (in Hz) of light required to transfer the electron from the 
2py orbital to the 3dyz orbital in the Li2+ ion. 

 
 
 
 
 
 
 

7 marks 

8 marks 
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5. The sketch below shows the radial probability distribution for the 3px orbital.  
 
  

 
 
 
 
 
  
 
 
 (a) The number of radial nodes in this orbital is ________ . 
 
 (b) The number of angular nodes in this orbital is __________ . 
 
 (c) Sketch Ψ vs x for this orbital on the axes below. 
 
 
 
                                                                                                                                                
                   
                   
 
 
 
 
                                                                                                                                                                                        
 
 
 
 

 (d) The sketch below shows the radial probability distribution for an orbital with n 
= 4. For this orbital, the wavefunction is zero when the spherical polar angle φ = 
45° or 135°.  

 
 
 
 
 
 
 
 
 
 

Identify the orbital:   _______________ 
 

8 marks 
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6. The emission spectrum below for a one-electron species in the gas phase shows all of 
the lines resulting from transitions to the ground state from higher energy states. Line 
A has a wavelength of 25.65 nm. 

 
 
 
 
 
 
 
 
 

(a) Complete the following table to show the initial and final principal quantum 
numbers corresponding to lines A and B: 

 
 initial principal quantum number final principal quantum number 
line A   
line B   
 

(b) What is the frequency (in Hz) of light for the transition corresponding to line A? 
 
 
 
 
 
 

 
(c) Using a sample of the above one-electron species in a sealed glass tube as a light 
source, a chemist shines the light corresponding to only line B on a metal plate of 
gold. Given that the binding energy of gold is 8.7×10−19 J, calculate the kinetic energy 
(in J) of the ejected electrons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 marks 
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Z: Y: X: 

7. P4S3 is used in the tips of “strike anywhere” matches. Burning P4S3 in air gives two 
products X and Y. Compound X has a molecular weight of 283.9 g/mol. Compound Y 
is 50 % oxygen by weight and is a common source of acid rain in the atmosphere. 
Compound X (0.1 mol) reacts with water (0.6 mol) to form compound Z (0.4 mol).  

 
(a) Complete the Lewis structure of P4S3 by adding lines and dots 
to the following template. Show all lone pairs of electrons as pairs 
of dots and all bond pairs as lines. 
 

 
(b) Identify compounds X, Y, and Z. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Draw the best Lewis structure for compounds Y and Z. Draw only one resonance 
structure if resonance is possible. Show all lone pairs of electrons as pairs of dots and 
all bond pairs as lines. 

 
 
 
 
 
 
 
 
 
 
 

 

 

End of Examination 

7 marks 

Y: Z: 
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Supplementary Sheet 
 
 
 
 
Potentially Useful Information: 
 
1 Hertz = 1 Hz = 1 s-1 = 10-6 MHz 
1 J = 1 kg m2s-2 

1 m = 106 µm = 109 nm = 1012 pm = 1010 Å 
 
h = Planck’s constant = 6.626 × 10-34 J s 
NA = Avogadro’s number = 6.022 × 1023 mol-1 
c = speed of light = 3.00 × 108 m s-1 

1 amu = 1 u = atomic mass unit = 1.66 × 10-27 kg 
electron mass = 9.11 × 10-31 kg 
proton mass = 1.67 × 10-27 kg 
ao = Bohr radius = 0.53 Å 
 

Particle in a one-dimensional box: En =
h

2
n

2

8mL2
 

 
For one-electron species:  

En = -2.18 × 10-18 
2

2

Z

n
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